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t ABSTRACT

‘ The relative deterioration by marine atmospheres
.y of noble metal platings for electric contacts has been
determined in the interests of improving the reliabil-
ity of electrical connections in the marine environ=-
ment and of conserving precious metals. In cooperation ;
with the Electronies Industry Association P-5.1 Com- '
mittee on Electrical Contacts, this Center investigated
the effects of marine and laboratory salt spray atmos-
pheres on various contact platings in order to deter-
mine optimum platings; the emphasis was on platings .
with silver underplating. The work described includes
establishment of experimental techniques, equipment ;
development, g discussion of the marine exposure site
i at Ft. Tilden, New York, and the laboratory salt spray
' environment and procedures. The results with various
: platings show that the use of nickel as an underplating
‘ is very undesirable, but 30 millionths of an inch of '
: gold over 100 millionths of an inch of silver is supe- :
! rior, and 30 millionths of an inch of gold over 100
|
{
{
[

e e o

millionths of an inch of copper is adequate in the
marine environment. An examination of 4000 hours of
laboratory salt spray exposure and 108,000 hours
(11-1/2 years) of marine exposure indicates a cor-
rosion acceleration factor ranging from 18 to 25 for
gold-over-nickel plating systems.

i ADMINISTRATIVE INFORMATION
; This work began as part of the in-house Independent Exploratory De-—
velopment (IED) program conducted at the Naval Applied Science Laboratory

| (NASL) under IED-20. It was continued at the David W. Taylor Naval Ship

' Research and Development Center (DTNSRDC) under the IED* program and was

r performed under Work Unit 2773-106. ,

' INTRODUCTION
; Reliability studies had shown that the largest portion of failures in

electrical and electronic eclrcuits was due to electrical connectors.

Physical size limitations in low-power clrcuits, which 1s the area of con- ;
cern hare, generally restrict the improvement of connectors to advances in f 1

TS e - e e+ e
.

*Mefinltions of abbreviations used are glven on page vi. i
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contact configurations, surfaces, and materials., Current improvements

concentrate on the use of noble metals to electroplate electrical con-

_tacts, but the use of such metals is based on incomplete information on

electrical performance and durability. Suitable materials having minimum
thickness for reliable wear and low contact resistance, particularly at
low-voltage levels, and capable of operation under both industrial and,
especially, marine environments have not been firmly established.

Although commercial requirements may be met without the use of silver
underplating, silver is tentatively considered necessary for inhibiting
corrosion in marine atmospheres. Evidence is needed to demonstrate that
the use of silver is indeed necessary for naval applicationm,

For the above reasons, the Electronic Industries Assocliation (EIA)
P-5.1 Committee on Electrical Contacts, in which NASL participated, for-
mulated a program for determining optimum contact platings. Both NASL
and this Center conducted investigations on contact platings for naval

application in a marine atmosphere.

APPROACH

ENVIRONMENTS

The Navy's interest in the electroplating of electrical contacts is
unique in that the Navy operates in a corrosive marine environment. NASL,
in cooperation with the Electronics Industry Association P-5.1 Committee
on Electrical Contacts, formulated a program to determine optimum plating
material for electrical contacts used in such an environment. This re-
quired the development of experimental techniques, equipment, and proce=-
dures that would be employed by all participating laboratories regardless
of the environment with which each was concerned.

The EIA Committee established the following guidelines and objectives
for its program:

1. confine attention to electroplatings of electrical contacts and

not to geometry or contact life,

v el

e e —ad e




; v 2. develop methodology to determine the efficacy of various types of k
. . platings, and
. EE ] 3. investigate exposure sites and their relationship to the applica- é -
E' tion environments, namely, } ?
f- a, industrial/urban, i
:; b b. sulphurous, j
3 ‘ c. elevated temperature, and
; d. marine. b
N In addition, NASL agreed to conduct an investigation of the effect of ' g
I laboratotry salt spray on the plating of electrical contacts, It was im- ? '
3 portant to the study to select one type of basic metal for the contact,
; preferably from one manufacturer, and one geometry of contact. This :
; would eliminate as many variahbles as possible from the experiment and :
.i ; facilitate correlation betwean cooperating laboratories. It was trecog-
Q i nized that future investigations should be made into the effects of wear
; and the possible advantages of lubrication, but not until one or several
{ good finishes for each environment had been established.

The studies of the effect of the marine corrosive environment and
laboratory salt spray were initlated at NASL, using the techniques devel-
¢ oped by Glowasky,* and continued at DINSRDC. The environmental study into
the effects of an industrial/urban atmosphere was assigned to Bell Tele-
phone Laboratories, while the sulphurous atmosphere study was assigned to

Burndy Research Division.

CONTACT SIZE AND PLATING
To keep the size of the program manageable -~ 1i.e., provide the maxi-

P T M e 42 g e e T AT

y . mum amount of statistically useful information with the minimum number of
specimens - it was agreed to study the following five combinations of
1] : platings (nine thicknesses) on sizes 16 and 20 MIL-C-26636-type pin-and~

gocket contacts:

*Glowasky, A., "Investigation of Platings of Electrical Contacts,"
U.S. Naval Applied Science Laboratory Report IED 20 (8 Apr 1968).
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Gold over Silver

1. Cold [30X1075 tn. (7.6x107% mm)1/Silver [100X10™°% in,
-4

(25.4X107 " mm)

2. Gold [100)(10‘6 in. (25.4}(10‘4 mm) 1/811ver [100x10"6 in.
(25.4x10’4 mm) ]

3. Gold [50x1o‘6 in. (12.7x10'4 mm) ]/Si1ver [2oox1o'6 in.
(50.sx1o'4 mm) |

Gold over Nickel

6 6

4. Gold [30X10™° 1in. (7.ﬁx10‘4 mm) }/Mickel [100X10™° in,

(25.4x1o'4 mm) )
5. Gold [1oox1o‘6 tn. (25.4¥107° mm) )/Nickel [1oox1o'6 in.
(25.4X107% mm) ]

Gold over Copper

6. Gold [30X10™% in. (7.6X10™% mm)1/Copper [100%107° in,
(25.4)(10'4 mm) ]
-6 -4 -6
7. Gold [100X10™° 4in. (25.4X10 ° mm) ]/Copper [100X10 ~ in.
(25.4)(10“4 mm)

Rhodium over Bright Nickel

8. Rhodium [20-30X107% in. (5.1-7.6¥107% mm) I/Bright Nickel

[100x10™% in. (25.4%107% mm) |

- bt b s o daniabadien
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¥ Rhodium over Silver

1 9. Rhodium [20—30}(10"6 in, (5.1-7.6x10‘“ mm) }/Silver [1oox10‘6 in.

(25.4X10°% mm) ]

g T

The Amphenol Corporation furnished a sufficient number of sgize No.
16 and No. 20 unplated pin-and-socket contacts manufactured from their
leaded copper full-hard alloy 126, Nu-Line Industries plated all the
contacts in accordance with the Bell Telephone Laboratories' (BTL) Spec-
i i ification WL-2250.101, Issue B, for electroplated finishes.

e 3

CONTACT HANDLING

Upon receipt of all the electroplated contacts at NASL, no effort was

made to clean them since they were to he handled in the same manner as
would be electroplated contacte received from any conta.t manufacturer.
Precautionary measures were taken, however, to avoid further contamination

of the specimens. The electroplated contacts and related components were

crimped and wired in a clean, controlled atmosphere by technicians using

disposable vinyl examination gloves,

FTIEY

' % ; PROCEDURE

SAMPLE SELECTIN

P

Approximately fourteen specimens were withdrawn from each size and

TN

: type of electroplated contact for plating thickness measurements. The

il :
-_'J ' contacts were first measured with the Betascope using the Beta Ray method
and then were sectioned for verification measurement with a toolmaker's

microscope.

NV ; CRIMPTNG AND WIRING :
N ; Twenty plated contacts were allotted for each size and type of con-

v : tact for each environment. Fach pin-and-socket contact was crimped to
: two separate conductors (one was a current lead; the other, a voltage

: lead). A Buchanan MS3191-1 crimping tool with a MS3191-20A positioner i




.

was used for the two size No. 24 wires and a MS3191-16A positioner was '

et ¢ et o v 5 &

used for the two size No. 22 wires to perform all the crimping of respec-

tive 2-wire conductors to each plated contact. The best combination of v
conductors was experimentally determined to be two No., 22 stranded wires

for the size 16 contact and the two No. 24 stranded wires for the size

Ne. 20 contact. Navy Type E, MIL-W-16878/4A, 7-strand, white Teflon

insulated wire was used throughout. The opposite ends of the two wires

emanating from each pin-and-socket contact were soldered into a 50-contact

Amphenol connector (Part No. 57-20500)., Ten such pin-and-socket contacts

wired with 40 conductors were soldered to each Amphenol 50-contact con-

nector.

CONTACT MATING
i Ten of these contacts were mated only once prior to installation in

the field environmment; the remaining ten contacts were mated 100 times at

a rate not exceeding one engagement every 5 min. This relatively long
interval between engagements avoids possible overheating and relleves
stresses of the contact surfaces. The mating of the contacts was accom-
plished by a speclally designed reciprocating mechanism, as shown in Fig-
ure 1, which was automated to permit ten pin-and-socket contacts to be y
mated once every 5 min, with a mating cycle (imsertion and withdrawal)

lagting 10 sec.

CONTACT~RESISTANCE MEASURING CIRCUIT

Ten wired mated contacts were connected into a 10-position transfer
switch, through which thelr resistances were measured with a Keithley
Model 502A Milliohmeter. During cycling, resistance measurements were
made on the contacts after every 25th cycle of engagement by utilizing a
4-wire contact-resistance measuring circuit,

Each group of ten wired pin-and-socket contacts was then mounted in
a plastic fixture., These fixtures measured 2-3/4 in. (6.99 cm) wide,
2-1/2 in, (6,35 cm) high, and 4 1n. (10.2 em) long and were constructed
of 1/4-in, (0.63-ecm)-thick epoxy glass, assembled with stainless steel

nonmagnetic screws. Thirty-six such fixture asgemblies - 18 fixtures of
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size No. 20 contacts and 18 fixtures of size No. 16 contacts - were pre-
pared for the nine different types of electroplated contacts. All 36
wired fixtures were mounted on a stainless steel stand measuring 15 in,
(38,1 em) wide, 19 in. (48.3 cm) long, and 12-5/8 in. (32.1 cm) high. The
complete wired assembly, shown in Figure 2, was shock mounted on four
layers of 1/4-in. (0.63-cm)-thick isomode pads. This was done to avoid
mechanical disturbance of any films that would form in the contact area.
The assembly was housed in a louvered aluminum shelter, 30 in. (76.2 cm)

X 30 in. (76.2 cm) X 19 in. (48.3 cm), similar to a Stevenson Screen,
mounted on a stainless steel terminal rack, as shown in Figure 3, in front
of the exposure housing, and protected by an aluminum cover sealed to the
base by a neoprene gasket, In addition, numbered electrolytic copper
panels 1/2 in. (0.51 cm) X 1 in. (2.54 cm) X 1/32 in. (0.07 cm) thick,
prepared by Bell Telephone Laboratories, were mounted alongside the stain-
less steel stand with glass thread as shown in Figure 3. These copper
panels were removed at monthly intervals and returned to Bell Telephone
Laboratories where the amount and types of tarnish films were analyzed.

By exposing a set of these panels at the start of this study and measuring
the tarnish rate, it 1s possible to compare the corrosiveness of the en-
vironment of this study with that of any other study, no matter when the
study is started. This technique also permits the study of climatic var-
iations from year to year.

Upon completion of the assembly, the entire shelter was transported
to the marine fleld exposure site at Ft. Tilden, NY, and shock mounted on
five layers of 1/4=in. (0.63-cm)-thick isomode pads, 2 ft above the
ground, on a special supporting structure facing the ocean, without ob-
struction, approximately 300 ft (91.44 m) from the shoreline and 40 ft
(12.2 m) above the mean low water (Figure 4).

Periodic resistance measurements were recorded on all 360 plated
gpecimen contacts mounted within the modified Stevenson Screenm enclosure
at the marine site during the 11-1/2-yr exposure period.

After 17 months of exposure (January 1966 to June 1967) there was
ample evidence of salt spray corrosion to components of the external sup-

porting structure. However, no salt spray corrosion was noted within -he




g

e C RS R D R

Stevenson Screen enclosure, It therefore appeared evident that the salt-
laden atmosphere mugt have consisted of salt and moisture in such a par-
ticulate form and size as to have been prevented by the glass wool filter
from entering the enclosure holding the specimens. These filters were
replaced, therefore, with type 316 stainless steel wire screening (0.009-
in. (0.23-mm)-diam wire, 18 x 18 mesh) which permitted a freer entry of
the salt-laden marine atmosphere while preventing insects and other debris
from entering the contact specimen area (Figure 5).

LABORATORY SALT SPRAY

A similar stainless steel stand was assembled with only 18 fixtures
of ten wired contacts, each of size No. 20 contacts. TFor this type of
plating, ten of these contacts were mated only oncej the remaining ten
contacts were mated 100 times. These contacts were wired identically to
those installed at the exposure site at Ft, Tilden, NY.

The completed assembly was shock mounted on four layers of 1/4=in,
(0.63-mm)-thick isomode pads placed on top a 1/4=in. (0.63-mm) stainless
steel base and installed in a modified laboratory salt spray environment
as shown in Figure 6.

This assembly of 180 plated contacts was then subjected to a salt
spray fog (corrosion) utilizing a 5% salt solution, as outlined in method
101C of MIL-STD-202C. 1In order to utilize maximum corrosion time, the
contacts were subjected to the salt spray fog corrosion for 64 nr, rinsed
and washed in tap water for several hours, then dried for 24 hr, after
which time contact resistance measurements were recorded. The electrical
contacts were agaln submitted to the salt spray for corrosion for another
48 hr, rinsed and washed in tap water, dried, and then contact resistance
measurements were recorded. This was accomplished over a 7-day period.
The procedure was repeated continuously until the electrical contacts
were subjected to a total of 4000 salt-spray-fog hours, with electrical
contact resistances being recorded at the end of each salt spray corro-

sion period.
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RESULTS

PLATING MEASUREMENTS

The unplated contacts furnished by Amphenol Corporation were plated
by Nu-Line Industries. Results of these platings, shown in Table 1, indi-
cate a wide variation in plating thickness for each plating requirement.
These variations were recognized and tolerated because they were represen=-
tative of plating state of the art. Uniformity of plating is difficult
to control because of varilations in plating solutions, temperatures, cur-

rent density, cleanliness, and quantity of contacts Involved.

WEAR PRECONDITIONING

The resistance measurements of the plated contacts which were pre-
conditioned for 100 cycles showed only slight variation in contact re-
sistance during the insertion and withdrawal matings. With only one
exception, there was no significant difference in the average contact
resistance of the contacts that were mated 100 times as opposed to those
that were mated only once. The exception was that those contacts that
were plated with rhodium over nickel and were mated 100 times showed an
average contact resistance approximately 30% higher than the contacts

that were mated only once.

MONITORING PANELS

The data on tarnish film thickness for the copper panels exposed at
the Ft. Tilden exposure site is given in Table 2. The data should only
be considered significant to the nearest 1008. Film composition and
thickness for these control panels were determined by the cathodic reduc-
tion method. 1t 1s known that corrosion films do not form at a uniform
rate over the entire surface of the panel. However, in order to report
an apparent thickness, one must assume uniformity of tarnish films,
Thickness anomalies such as shown by panels 2 and 3 can occur and should
not be of concern. There was no indication of sulphide tarnish films;

this indicates a marine environment free of sulphide contamination.
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: TABLE 2 - TARNTSH FIIM THICKNESS ON ‘
) . COPPER CONTROL PANELS
] Film Removal Panel  Average Thickness (Angstroms) '
] Date No. Cuprous Oxide Cupric Oxide 3
i | 2/8 1 173 0 B
‘ 3/10 2 625 60 - 1
! 4/11 3 565 118 ? 1
5/12 4 520 107 3 1
6/9 5 577 149 ; 1
| 17 1966 6 657 149 n
' 8/11 7 692 328 } 3
9/7 8 857 83 %
i 10/14 9 1695 113 %
i 11/16 10 1775 179 oo
| 12/15 11 2363 0 ! '
) 2/15 12 2929 0 o 1
f 3/27 13 4427 0 -
! 0/ 1967 14 5630 0 ! 1
5/18 15 5096 0 ;

6/21 16 6138 0 )
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MARINE EXPOSURE MEASUREMENTS

The data obtained at the Ft, Tilden site have been summarized in
Tables 3 and 4. Seventeen months of seaside exposure (January 1966- §
June 1967) produced no appreciable change in contact resistance according
to the measurements shown in these tables. Examination of the interior
of the acreened area showed no visual evidence of salt corrosion, Tests
were then made by swabbing all interior surfaces with sterile cotton swabs

wetted with distilled water. The swabs were chemically analyzed by means
of a silver nitrate solution for the presence of sodium chloride. Re-
sults showed that there was no sodium chloride present within the screened
enclosure, There was, however, ample visual evidence of salt spray cor-
rosion to components of the external supporting structure, It was con- :
cluded that the salt-laden atmosphere consisted of salt and moisture in
such particulate form and size that it had been prevented from entering
the specimen enclosure by the glass wool filters shown in Figure 4, The
glass wool filters were replaced with the stainless steel mesh scraen
filter shown 1n Figure 5 in order to permit the salt-laden marine atmno-
sphere to come in contact with the plated specimen contacts., Prior to
removing the glasy wool filters from the Stevenson Screen enclosure in
June 1967, there appeared to be only copper oxide corrosion of the small
copper monitoring panels, After the glass wool filters were replaced
with the stainless steel mesh screen filters, however, there was definite
visual evidence of a green-colored (copper chloride) corrosion, indicat- !
ing the presence of salt.
The data shown in Table 3A from the subsequent measurements made
during the period from June 1967 to November 1967, reported* in April
1968, indicate a slight increase in resistance of the gold-over-nickel
and rhodium-over-nickel plated specimens, while no significant change was
noted in the gold-over-silver and gold-over-copper plated specimens as
shown in Figure 7. Measurements made in August 1970 and June 1977 indi-

cate an increase in resistance of the gold-over-nickel plating by one to

*Glowasky, A., "Investigation of Platings of Electrical Contacts,"
U.S. Naval Applied Science Laboratory Report IED 20 (8 Apr 1968).

15

IR T I SO S S

1
1




-

A

BYSTIPRTN

; 9¢ 0 ¥ 0 87°0 15790 0570 zs:0 9370 3av ) (me O0TXY°6Z) “UF  OTXOOT 39ATES
: ¢7°0 ) 0%-0 Zy°0 0%°0 1%°0 1£°0 UIW 390

.70 0L°0 7979 697U £9°0 0.0 £9°0 xel (msm «-oU:.C "ot wnoﬁou ZTPOUY

9L°0 Lo €970 £970 €90 19°0 09°0 say | (@ QIXY757) TUT g OTX0OT To0I8

[0 19°0 150 €5°0 5670 <5 0 6%°0 GTH I13A0

<6°1 11 1670 €01 00 1 20T 9670 XTp (@a | _OTX1°6) "M% , OTXOZ =nTpoud

£3°0 L570 07°0 zy 0 1770 FARY) 9£°0 28y | (@ QIXTTSZ) THF _0TX00T 3°ddo)

9£-0 8€°0 SETD LE°D €0 8£°0 ZE-0 UIn ! aanc

GL ¢ SL°1 €0 £7°0 (A 8770 6y°0 TEW (mn v.lcus..mmv ToF o OI¥00T PIoD

Z9°0 270 £°0 0%°0 6£°0 17°0 6E°0 32y b= OTXyC7) ST 0TX00T I3ddo) )
€70 ZE°0 67°0 TL°0 O£ G ZE°0 £Z°9 ury a@n0

ZL70 0970 50 [{R1) £5°0 9570 $$°0 XEBH (ma _OT¥9°£) "©1 . OTXDE P1OD

€705 1°%¢ 6E "0 %70 070 Zy°0 9£79 say (m3 C1Xy°57) UL . OTX00T 1IN

8£°0 %70 iZ°0 620 Bz 0 62°0 ST°0 Uik ! a2n0

0°091 0°08T | v< D 6570 57D 65°0 1570 XEH (wa __0TX¥°6Z) "Wl . OTX00T PI0)

112 | 9570 0y°0 £7°0 1770 £€9°0 L£°0 3ay (mm | OTXy7€Z) “UL , OTNOOT 121N

SE°0 9€~0 ZE0 ¥E°0 £€°0 €E"0 0£°0 UTH ! 2980

0°69 | 0670 67°0 €50 1570 €< 70 X (@@ | _01¥9°L) UL , OTI0E P19 o !
70 0y°0 SE°0 BE'D LE°0 6£°0 £€£°0 B2Y (ma  _OTX8™0%) "3t , OTX00C 13ATIS ~
1£°0 FA 62°0 €0 0E°0 PN} 1270 oIf ? 1340

70 670 Y770 6970 9% n 6770 Iy 0 X2H (o auoﬁ&.NC “ar mncusm pios

17°0 <%0 6£°0 0 gy-0 Z9°0 9¢£°0 32y (@@ _0IX7°¢z) “FT . OIX00T I2ATIS .
$€°0 9£°0 1E°0 ££°0 ZL°0 7£°0 62°0 ulR Isa0

770 8570 (R 8% 0 9470 8y°0 [A M) XER (m2 | _OIXy°SZ) "WI ,_OTI00T PISD E |
ay°0 £5°0 ¥£°0 L£°0 9£°0 8€°0 TE 0 —3ay (== _OTXy°<Z) "U1  OIX00T I3AIIS : ‘
of 0 62°0 £C°G 1Z°0 920 820 9270 UTW 1340 )
S0°1 ¥9°0 as o 9¢70 T5°0 9570 9%°0 XER (m= __OTX9°L) U ;_OTOE PIOD -

(M) IOUBISTSIY
ao o] o o8 | s | @2 8] 00 15 | w02) 89| () sz 1P dol
dmay TerxaieR Suilelg
11jz/9f oLfonse {19/62/11 | 197187 | £97ST/T | 99/6/9) 99/11/1 2380

ONLIVA IVILIRI ONIMOTIOq ~ VE FIdvl

SLOVINDD q3IvVId 9£99Z-D-TIH 91 °"ON IZIS A0 SINIWA HORVISISTE~-IOVINGD - € TIdVL

T T T - =




ot v " ——— g —— T m———

—
15°0 FA) £9°0 67°0 8%°0 05"y 270 3ay (e 07¥y°57) -ut ouoﬁuooﬁ 34% .
SE°0 9£°0 £€€°0 vE~0 EE°G €€ 0 82°0 uTh 4 EER 1
09°0 €970 870 09°G 19°0 £€9°0 8570 XEW (umn «uoﬂmH.mv “ut ouowwcw wnypoyy 1
2670 ¢6°0 S8°0 6870 98°0 {870 8L°C say (= q|Oqu.mmv "ot wnoawocﬁ 1991 3
Z9°0 99°0 7970 $9°9 £9°0 %9°0 95°0 UIH 1380
ST 1 0T QYA Ze 1 0c 1 01 oI 1 xeH (mz | OIXI'S) "u%  OTX0C SMIpouu ]
i

70 Sy 0 0%°0 ¥¥°0 2y 0 ¥%°0 L£°0 38y [ 4-OTXY752) 0T OIX001 aaddop
9¢°0 9L°0 %70 9t"0 SE°g 1£°0 1£°0 UIR 1340

FA ] 9570 8y C €570 0s 0 s o Y% 0 XTH (o= \..NIO,US.mNu cur mloﬁmooﬂ PIOD
8€°0 Z%°0 9e°0 6€°0 LE°0 6£°0 2€°0 3ay {zm ,_0TX¥°5Z) "BT  OTXOCT 12ddoj .
1£°0 ¥€ 0 67°0 GE0 6270 1E°0 97¢°0 UTH 12a0 )
¥5°0 ic o €7°0 8t ¢ S%°0 8%°0 6£70 XeR (@ | _OTX9°1) “UT , OTX0C P03

6°tS 26" 1 $%°0 i%°0 S%°0 1970 6£°0 _Eny (wu  OIX¥°CT) "ul oloauoca T9Y2IN

£6°0 9%°0 1  6Z°0 6C°0 8C°90 0c-o %270 OIN ’ Iano0 ;

07061 0°%1 t9°0 9°C ¥9°0 19°0 9¢°0 XBR (o qloﬂxw.mmv "o o|o~wooﬂ PictD

9°1% 6°61 £y e a%°0 7770 S%7°0 1£°0 38y (wm  QIX%°cZ) "OT wnoﬂmocﬁ ToA21IX m

07" 1 BE-O ZE°0 ££°0 ZE°0 £€°0 £Z°0 utH / Ian0 g

0°SZt 0°001 Y 8570 9¢°0 1870 8% 0 XER (zm ¢|oawm.hv “ut olo~%om Pied

~

0770 S¥°0 9£°0 8E°0 S€°0 8€°0 0£°0 3ay (ms QTX8°0C) Ut g-0TX00Z 1321XS —
8Z°0 DE"0 y°0 1 6270 82°0 62°0 £2°0 OTH ! 19480 i
%8 G %¥8°0 05°0 1570 670 1570 1%°0 B C qnoNMn-NHV "uT g _0TX0S PIOD

570 9%°0 0%°0 £9°0 0 7970 [N 3ay (mm _OTX¥°CZ) U , OTXGOT I9ATIS

[A31] €70 6C°0 1€°0 0£°0 Z£70 €20 CTn iaao

S0 €970 $5°0 0970 IS°6 65 C 1770 XEH (wm wnoﬁxq.mmv "o _OTX00L P1eD 5
£7°0 y%°0 6£°0 iv°0 0770 Pk ££°0 — 3ay (wz qnoﬂuw.mmv TOF ,_OTXGOT IATES
££°0 SL°0 i£°0 £L°0 ZE°0 y£°0 1Z°0 TTH 1340

€0 S0 890 <570 0S°0 7570 1770 XBH (zm qloHMo.hv "o 4 OTX0E PIOD

(M) 3due3sIsay
@ o] wo) o8| M e | 00 8] WD 16 @) 89! () sz |1 P o]
due] Terialey 3urierq

LLfT/9] oL/or/8 | £9/6T/11§ L9/1e/L | £9/ST/T ] 99/6/9] 99/T1/1 a1=d ;

SITIOX) IOHILVH GOT ONIMOTION - €9¢ di9Vl

(penurluo)) ¢ ATIVL

T e e e i e L S S RO PR - —_ A et e i ———— e e ~ . - J




zz°1 16°0 21°0 $1-0 69°0 1/°0 £9°0 gay | (= _ 0TXy°CZ) -uUI _ OTXOD1 13ATIS
69°0 89°0 950 750 0] 1570 05°0 UTH 4 9 1350
Te 1 <T°1 ¥8°0 7§70 L0 08°0 17°0 XER (@ | OTXI"S) "UI __0TX0Z WRIpow

8 1s 7 0L 16°0 <60 680 060 8L°0 3av_ | (@@ _ QIX7-6Z) -9f _ OTXCOT T9WIX
7870 78°0 <170 7870 L0 0 £9°0 G 7 3 1940

00t 07 €1 1 0C 1 ST 1 Al 011 XER (@3 OTXT"G) "% . OTX0Z ENTPOld
09°0 £9°0 750 TS0 £5-0 <c-0 870 Bav | (= , 01Xy'S¢) 9T __CIX001 39d90)
7970 0S°0 970 8770 TR 1970 0% "0 Ut ’ 3 zaa0
68°0 £6°0 69°0 ZL0 69°C w10 9970 Xeu (=2, 0IX5°SZ7) "I . OIXONL P10

i

£9°0 £€9°0 6770 %5°0 1570 %50 %0 3avy (mm QIX%°€Z) ~ur g-9TE301 1addo)
¥<-0 €570 0 TR €870 CTH) 8£°0 UIR 7 1380
<870 <80 0970 570 19°0 $970 €570 XoK (@2 QTYe'/) "MI . OTXOE PTD

0%t | 668 %90 990 19-0 79°0 tc 0 Sav_| (5@ _ 0IX%-CZ) -UT _ OTX00T ISY9IN
350 03°0 670 £5-0 1570 7570 w90 UIK K 9 1980

0-0tT| <°t2 7770 97°0 L0 ¥ 0 v96 XeR (ma _0IXy’SZ) "9I o OIXO00T PTD

8891] 6592 [ <90 890 %9°0 <90 950 Bav_| (= __0IXy°S¢) -GI _ _OTXOOT T2dIN
0.0 €L°C 750 8570 <S0 550 870 UIR 7 3 130

0°0v8| 0°09T] ¢80 980 60 8°6 190 ¥eR (@@ 0TX9°/) "1 , OTXOE PToD
75°0 8¢-0 DS 0 750 350 150 ) Bay_| (9 , 0I¥8°05) 'OF o OIXDOZ 19ALIS
9570 050 £7°0 £7°0 Zv 0 Zv0 90 Uik 13280
690 %9°0 950 19°0 50 09°C 890 XeR (@ OT%°71) "8I o OTNOS PT®9 |
%<0 ) 7S 0 35°0 €S-0 <o 750 Bav_ | (@@ . GIX7°CZ) O . OLX001 39AIIS |
05 0 290 77 0 9y-0 ¥5 0 5y 0 6£°0 uTR = 9= 1980 |
8.0 CYAD) 795°0 790 ¥9°0 976 09°0 XeR (@ __9TXy°§Z) ST . OTY00T P109

250 850 10 ¥S 0 750 750 %0 Sav_{ (== _OTXy S¢) "UF __QIX001 29ATIS
950 05°0 750 TR 770 9%°0 8£°0 uTH 1980
€20 0.0 850 £9-0 09°0 %90 15°0 xeR (@m __QTX9°f) "UF . OTXOE PI0D
(W) @ouelSTSY
az) oz| (o o8| @ € | o0 sl on 16| 00 89| (5m) gz | [P? 201
drsx 1eII21eK SuIlEeld
127279 | CL7OT/8 | 9762711 | £9716/L | 2975172 | 997679] 99/11/1 a3eq

DNILVH TVILINI ONIMOTIOL - V¥ ET4VL

SIOVINOD TIIVId 9€99Z-D-TIH QZ “ON FZIS 30 SHMNIVA IDNWISISTI-LIVINOD — % TIGVL




L S BT BT W T TR e BT AT s e e T, e v s T s me e am

U

81 8Z°T 88°0 £L°0 z.°0 £L°C $9°0 Sav (mt L, _0TX%°5Z) -ur WIO._UNOON 37715 _
£9°0 | %970 1S°0 8S°0 | 9570 | f50| 890 It ’ . 12n0
0E°s 6Ly sE°¢ SI'T FARY 91" 1 C6T°1 XEH (mza ¢|o._u.:.mV Tur mIOHkON @Rt poyy
Lzl | i€ Y11 111 I1°1 T1°1 10°1 3ay I (@, OTXp'SZ) "UY o OTX00T I3%IIX
0t 1 S0 T Lo 1870 S0 SLO 0£70 HTH ’ amae
0°01z| Ot T ETA 39°1 9971 051 XeR (s, QIXT°S) "UE . OTXOZ wWATPouy
09°0_| 790 << 0 09°0 | S0 [ 650 670 3ay_ [ (m | 0Txv°52) TUT | _0TX001 19¢do)
750 950 050 S50 750 7570 770 UIA ’ 1240
ZL0 810 79°0 070 9°0 0.0 9¢70 XeR (ma , OTXy"C7) *UT . OTXGGT P1OD
86°0 1970 £5°0 85°0 S6°0 1570 97°0 3ay (ma cuodG.mNV “uy m,iodooﬁ 1addo)
870 §7°0 TV 0 970 €70 <70 L°C uTR 1240
9970 170 €970 8570 970 1970 7570 XeR (W _OTH9°L) "uT . OTXOf PTOD
4
¢S 301 290 $9°0 8BS0 650 870 Zav_ J(@, 0TX77°¢2) "UT o 0TX0OT T2%31X
0870 19°0 €50 250 670 0S°0 17°0 uTR 1240
0°08t| 08t 770 9770 20 70 2970 e (ms  _OTX7°SZ) -2 o OTX001 PIOD
9-161] 08¢ £9°0 990 19°0 7970 €50 Sav Plem 0TXy7ST) CUT o STX00T 19WOIN
%90 0.0 I5°0 15°0 8770 0570 170 UTRH ’ 1280
0-059| 0 %¢ 98°0 8870 710 820 €370 XER (mm ,_0IX9°£) "uI . 0IXOL PI®D -
€S0 750 %0 0S°0 87-0 69°0 1770 3ay | (ua OTX8°0S) "UT . OTX00T I2A1TS —
67 0 970 Zv 0 770 770 £7°C 9t 0 UTH ’ 1280
30 | 90 9570 09°0 50 09°0 87 0 XeR (| OTX/°ZT) "uI  O1¥0S P1OD
S50 850 150 %S 0 570 %50 ¥7°0 Sy p (@ 0TX9°¢z) "¥T o OTX00T 1247IS
670 050 <70 690 2770 g7 0 8E 0 O K 1320
"0 90 19370 ZL0 6970 L0 85 0 XEH (mn  OTXy°SZ) "UI . OT¥00i PT09
2S 0 550 87 0 150 670 15°0 Z7°0 Eay(m 01Xy 52y ut _OTXO0T I3ATTS
970 770 T7°0 <70 €70 790 SE0 UTR 1880
85°C £9°0 7€°0 850 9570 85 0 9c70 xel (um  _GTX9°L) "UT o OTXOE PTOC
(Fn) IouElsIsay
[0, 4,)
(I2) o] (z2) 08} (1) ££ | (92) 8L ] (0T) IS | (DZ) 89| (¥-) ST dus], T I —
I172]9| OL701/8 | [9762/TT ] [9/1€/L | £9/ST/T | 99/6/9] 99/11/1 218G

STIDAD ONIIVH 00T ONIMOTIC4 — 9% TIgVL

(ponutiuno)) y AIdVl

ST e Lseel L e o e s b = e o oL o i e e Y e e % A e e i e mam el o s el L Lt d




two orders of magnitude and a factor of five increase in the rhodium-over-
nickel plating. There was still no significant change in the gold-over-
silver and gold-over-copper specimens.

LABORATORY SALT SPRAY EXPOSURE MEASUREMENTS

The data shown in Tables 5A and 5B for the gold-over-silver plating,
after 4000 hr of exposure to laboratory salt spray at NASL, indicates no
significant change in the average contact resistance. The data for gold-
over-nickel plating indicates an increase of two to three orders of mag-
nitude in the average contact resistance. The data for gold-over-copper
plating shows no significant increase in the average contact resistance,
The data for rhodium-over-nickel plating shows an increase of three orders
of magnitude in the average contact resistance. The data for rhodium=-
over-gilver plating shows a slight increase in the average contact re-

sistance.

ANALYSIS

MARINE VERSUS LABORATORY SALT SPRAY EXPONSURE

An analysis was performed on the average contact-tresistance measure-
ments made on all of the size No. 20 MIL-C-26636 contacts. §Size No. 20
was the only size subjected to hoth the marine exposure of 11-1/2 yr
(108,000 hr) and the laboratory 4000~hr salt spray exposure. The only
contacts whose contact resistance showed any significant change during
exposure were the nickel underplated and rhodium plated contacts, as shown
in Tables 3 and 4 and Figure 7. 1In order to determine what the accel-
eration fartor is between marine exposure and laboratory salt spray ex-
posure for the plating systems that showed significant change in contact
resistance, the laboratory salt spray curve was modified. A multiplica-
tion factor was applied to the time scale of the laboratory salt spray
curve. This multiplication factor was selected to give a good fit of the

laboratory salt gpray exposure curve to the marine exposure curve.

e~

e T AT meme e el



' GOLD-OVER-NICKEL PLATING

R S

As shown in Figureas 8a and 8b, multiplication factors of 25 and 28,

. respectively, were applied to the time scales of the laboratory salt spray

measurements, The figures compare contact-resistance values Jin the marine i
ﬁ and the laboratory environments for plated contacts subjected to initial

mating only (Figure Ba) and to 100 cycles of insertion and withdrawal l

prior to exposure (Figure 8b). The contacts were size No. 20 plated with !
30x107% 1n. (7.6X107% mm) gold over 100x107% in. (25.4%107% mm) nickel. i
} j Figures 9a and 9b, which have multiplication factors of 21,5 and 18,

respectively, for the time scales of the laboratory salt spray measure-

ments, show contact-registance values for size No. 20 contacts plated
‘ with 100%107% in. (25.4%10™% mm) gold over 1001076 in, (25.4%107% mm) !
i : nickel.

T e r—

RHODIUM-OVER-NICKEL PLATING
As shown in Figures 10a and 10b, multiplication factors of 71 and !
; 66, reapectively, were applied to the time scales of the laboratory salt
l P spray measurements. The values shown are for contacts subjected to ini-
‘ tial mating only (Figure 10a) and for 100 cycles of insertion and with-
drawal prior to exposure (Figure 10b). The contcacts were size No, 20

plated with 20X107°% in. (5.1x10™% mm) rhodium over 100X10~° fn. (25.4X
_4
10

mm) nickel.

RHODIUM=-OVER~SILVER PLATING A

As shown in Figures lla and 11b, multiplication factors of 120 and
70, respectively, were applied to the time scales of laboratory salt
spray measurements. The contacts were subjected to Initial mating only
(Figure 1lla) and 100 cycles of insertion and withdrawal prior to exposure
(Figure 11b). 'These size No. 20 contacts were plated with 20}(10"6 in.
(5.1X10™* mm) over 100X10% in. (25.4X107% mm) stlver.

21
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CONCLUSTONS

COPPER CORROSION MONITORING PANELS

The copper corrosion panels data obtained at Ft:. Tilden, NY, showed
no indication of atmospheric sulohide, but there was ample evidence of
salt apray corrosion of the structure fittings. The site was deemed f b
suitable for obtaining marine exposure corrosion data free of industrial |
atmospheric contamination. ! 5

STEVENSON SCREEN ENCLOSURE

The presence of salt spray corroasion within the Stevenson Screen
enclosure with glass wool filters was investigated for the 1l7-month ex-
posure period (to Jure 1967) by swabbing all interior surfaces with ster-
ile cotton swabs wetted with distilled water. A chemical analyais was
made of these swabs using a silver nitrate solution. The analysis showed
no trace of salt. An analysis of the copper corrosion panels during this %
same period also indicated the absence of salt corrosion, However, when |
glass wool filters were replaced with stainless steel mesh screen filters,
there was definite visual evidence of salt spray corrosion within the
enclosure and evidence of green corrosion deposits on the copper corrosion \ b
panels. It was therefore concluded that chloride was present within the :
gscreened enclosure. It was also concluded that the salt and moisture in
the atmosphere was of such particulate form and size as to be prevented

from entering the specimen enclosure by the glass wool filters.

INSERTION-AND-WITHDRAWAL PRECONDITIONING
The 100 cycles of insertion-and-withdrawal preconditioning did not
significantly affect the contact resistance of the gold-plated specimens.

MARINE EXPOSURE
The results of exposure of plated contacts at the Ft. Tilden, NY,

marine environment have shown that there was no significant change in the

resistances of the various plated contacts from the initial measurement
to November 1967. This lack of any change occurred even though there was ' ;




evidence of salt spray corrosion within the Stevenson Screen enclosure
after the installation of the stainless steel mesh screen in June 1967,
The measurements made in August 1970 and June 1977 indicate that nickel
underplating is undesirable because of the relatively high increase in
contact resistance in the contacts with gold-over=nickel and rhodium-over-
nlckel underplating, There waa no significant increase in contact re-
sistance in the gold-over-nilver and gold-over-copper plated contacts.
Therefore, while 30 millionths of an inch (7.6x10'4 mm) of gold over 100
millionths of an inch (25.4x10-4 mm) of silver is superior, 30 millionths
of an inch (7.6X10'a mm) of gold over 100 millionths of an inch

(25.4x10™%

atmosphere.

mm) of copper is adequate for naval applications in a marine

LABORATORY SALT SPRAY EXPOSURE
The results of exposure of plated contacts to 4000 hr of laboratory

salt spray environment also showed no significant increase in contact re-
sistance in the gold-over-gilver and gold-over-copper plated contacts.
Therefore, the same conclusion can be drawn that, while 30 millionths of
an inch (7.6x10'4 mm) of gold over 100 millionths of an inch (25.4x10““
of silver is superior, 30 millionths of an inch (7.6x10"4
100 millionths of an inch (25.4X10™%
naval applications in a marine atmosphere. The results also indicate that

mm)
mm) of gold over
mm) of copper is adequate for the

nickel underplating is undesirable in a salt spray environment because of
the relatively high increase in contact resistance in the contacts with
gold~over-nickel and rhodium-over-nickel underplating.

PLATING THICKNESS

Conclusions as to the adequacy of the gold platings are made with due
regard to the inherent variations in such platings produced by even the
best current commercial practice, As Table 1 shows, there are overall
variations in geld thickneeses ranging from about 80X above the
nominal to 50% below the nominal 30 millionths of an inch
(7.6x10'4 mm) . The conclusions as to the adequacy of platings are

i
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therefore conditional on the plating quality or porosity, as well as on .
the actual thickness as represented by the lower limit in the variation
of plating thickncss (Table 1).

LABORATORY SALT SPRAY ACCELERATED CNORROSION
The results of fitting the average contact resistance curve for

4000 hr of laboratory salt spray exposure to the average contact re-

sistance curve for 108,000 hr of marine exposure indicate that the lab-

oratory salt spray gives apparent acceleration factors of 25 and 28 for i

30 millionths of an inch of gold over 100 millionths of an inch of nickel

plating. For 100 millionthe of an inch of gold over 100 millionths of an

inch of nickel, the acceleration factors are apparently 18 and 21.5.

The acceleration factors for 20 millionths of an inch of rhodium over

100 milliontha of an inch of nickel are apparently 70 and 66. The accel-

eration factors of 120 and 70 for rhodium over silver show a variance .

whici. makes it inconclusive as to whether these acceleration factors are

valid or useful, The slight variance in the apparent acceleration factors

for the gold-over-~nickel plating systems may be accounted for by the pre-

conditioning of 100 mating cycles (insertion and withdrawal) for one

group of specimens as opposed to a single mating for the other group. -
The contact resistance measurements made on contacts with gold-over-

silver and gold-over~copper plating show a relatively small change for

both the marine exposure and laboratory salt spray exposure, That small

change in contact resistance indicates that there is no significant accel~

eration factor for the gold-over-milver and gold-over-copper plating sys-

tems using the lahoratory salt spray exposure.

RECOMMENDATIONS

MIL-C~26636 CONTACT PLATING

In view of the adequate performance of the gold-over-copper plated
contacts in a marine and laboratory salt spray environment, it 1is recom-
mended that silver underplating no longer be required for naval applica-

tions. Under normal conditions of actual use, as represented by the

[PPSO S I
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repeated matings described in this investigation, the plating of 30 mil-
lionths of an dinch (7.6X107%
¢25.4x10™%
that quality assurance provisions be incorporated in the contact spec-
ifications to insure that the actual thickness of the plating be held
within the lower limit in variation of plating thickness shown in the

mm) of gold over 100 millionths of an inch
mm) of copper is recommended., However, it is also recommended

report,

LABORATORY SALT SPRAY ACCELERATION TACTOR

An analysig of the reaults of exposure of the contacts to a marine
environment and to laboratory salt spray Method 101.C of MIL-STD-202C
indicates that the acceleration factor derived by curve fitting is con-
sistent for the gold-over-nickel plating system. The poor performawce of
the nickel underplated contacts in both types of exposure indicates a
poseible continuing source of failure, It is therefore recommended that
nickel underplating be avolded, where possible, for naval shipboard
applications.

INVESTIGATTION METHODS AND I'ROCEDURES

It 1s recommended that the methods and procedures adopted for this
investigation be used as guldelines in the study of plating of electro-
plated electrical contacts subjected to industrial/urban, sulphurous,
and elevated temperature environments go that the results of all investi-
gatlons can be correlated.

In a marine environme%t where salt spray atmosphere corrosion is to
be studied, it is recommended that a modified Stevenson Screen enclosure
with type 316 stainless steel mesh screen filter be utilized in order to
permit the passage of the malt-laden atmosphere to the plated specimens

inside the encloaure.

ACKNOWLEDGMENTS
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2 BELL TELEPHONE LABS
1 Dr. Morton Antler
1 Mr. Richard Baker

e e

SOOI

. INITIAL DISTRIBUTION
Coples CENTER DISTRIBUTION
' 1 NAVELEX Coples  Code Name
50452/J. Kerr
1 012 R. Allen
2 NAVSEA
1 O5R/A. Chaikin 1 27 W. Dietz
1 543E/J. Regan
10 2714 W, Kohlmann
12 DDC
10 5211.1 Rept Distribution
1 RADC/RBRAC
I. L. Krulac 1 522.1 Uncl Library (C)
1 AMPHENOL CORP. 1 522,2 Uncl Library (A)
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DT'\!SRDC !'SSUES THREE TYPES OF REPCRTS

“DTNSRDC REPORT A FORMAL SER!ES, CONTAI'\J INFORMATION OF
Lo N\CAL VALUE. THEY CARR\! A CONSECUTIVE NUMERICAL IDENTIFICATIC
' ‘THEiR CLASSIFICATSON OR THE OR%G!NAT!NC DEPART‘WENT

2. DEPARTMENIAL REPORTS A SEMIFORMAL SERiES CONTAIN INFGRMA
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTERAET O
THEY CARRY A DEPART’WENTAL ALP’“!A’\UMER!CAL IDENTIFICATION

:"
X O
:«‘
[}
(R
I

3. TECHNICAL MEMORANDA, AN INFCEMAL SE erS COMNTAIN VEQH Lo Baiiniy

QF LIMIT D U E AND INTEREST.  THEY ARE PRIMARILY "!f“" i!’»!c PO nid
TERNAL U5E, THEY CARRY AN IDENTIFYIMG NUMBER WHIT
‘ 1

NUABRIOAL “ﬁf’ OF THE ("RiGlNAT!NL: DEPARTMENT. A"\i T C
BE APPROVED BY THE HEAD OF ThE ORIGIMATING DEPA T THIENT QN




